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Material  and Methods 
Scrotal sac exudate from guinea pigs reacting to endemic typhus was explanted, 
using the technic previously described (1,  2).  The cultures were incubated at 
27°C., 32°C., 37.5°C. and 41°C.  The incubators were not maintained accurately 
at these four temperature levels but variations were always less than 0.5  ° in either 
direction.  As a rule eight individual cultures (all set out in the same Petri dish) 
were put to begin with in each of the four incubators.  At various intervals the 
Petri dishes were opened, one or more cultures from each group fixed for histo- 
logical study, one or more injected into a guinea pig and the remainder washed 
and rehnbedded in fresh extract and plasma. 
OBSERVATIONS 
Growth of the Cells.--At 27  ° the cells usually rounded up and failed 
to grow.  In about half of the cultures, however, there developed a 
distinct halo  of rounded  cells  around  the  original  tissue,  probably 
largely the result of ameboid motion by the phagocytic cells.  In two 
of the fifty-six cultures incubated at this temperature, however, there 
was fairly good growth of spindle-shaped cells and in one instance, 
mitotic figures were found in sections on the 1  lth day in vitro. 
At 32  ° the cultures (with few exceptions) showed slow but very saris- 
factory growth.  Cells grown at this temperature remained stationary 
but viable for long periods.  One group of six cultures was left for 21 
days without transfer.  The cells did not round up or darken, and the 
clot was not liquified.  At the end of this period they were washed and 
reimbedded and excellent growth occurred in all six. 
At  37.5 °  the growth  was  uniformly excellent but  more  frequent 
transfers were necessary (usually at intervals of about 6 days). 
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At 41  ° growth was uniformly excellent and even more rapid than 
at 37.5 °.  Transfers at 6 day intervals seemed sufficient, however, to 
maintain the cells in good condition. 
Growth  of Rickettsiae 
In  Table  I,  isolated  results  have  been  taken  from five different 
experiments and tabulated with reference to the number of days in 
vitro.  The cultures having the same number all belong to the same 
group.  For example, Cultures 101-1, 101-2,101-3 and 101-4, were all 
set out on the same day from the same material and differed only in 
the temperature at which they were incubated.  The results are shown 
graphically in Chart 1.  The criteria for infection of inoculated guinea 
pigs were (1)  a febrile reaction, (2)  scrotal swelling and redness with 
palpable adhesions in the scrotal sac,  (3)  exudate in the scrotal sac 
and (4) the presence of Rickettsia-filled cells in this exudate.  If 1 and 
2 were definitely present, the animal was killed and the positive reac- 
tion was confirmed by 3 and 4.  Animals in which no fever or scrotal 
reaction occurred within 25 days, or in which only a slight and doubtful 
rise in temperature was observed without involvement of the scrotum 
or tunica were reinoculated with an adequate dose of fresh scrotal sac 
exudate, together with controls. 
For tabulating the histological appearance of the cultures, an arbi- 
trait system was adopted as follows: 
0  No Rickettsiae found in ½  hour search. 
(+)  Rare infected ceils. 
+  1 to 5 infected cells per section. 
+ (+)  Intermediate between +  and + +. 
+ +  25 to 50 infected cells per section. 
++(+)  Intermediate between ++ and +++. 
+ + +  Infection of 50 per cent of the cells present. 
+ + +(+)  Intermediate between + + +  and + + + +. 
+ + + +  Infection of practically every cell present. 
The illustrations accompanying Paper IV (published simultaneously 
with this paper)  show  the  appearance of  the  very heavily infected 
cultures (+ +  +  +). 
Table  I  and  Chart  1  show that the organisms disappeared quite 
rapidly from cultures grown at 41  ° and 37.5 ° .  At 26  ° more variable Multiplication 
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TABLE  I 
of Rickettsia prowazeki in Tissue Cultures at Various Temperatures 
Tempera-  No. of  Length  of time 
ture  culture  in vitro 
days 
26  °  97-1  4(0)* 
101-1  7(o) 
97-1  11(1) 
103-1  13(1) 
101-1  14(1) 
105-1  18(2) 
101-1  21(1) 
32  °  101-2  7(0) 
97-2  11(1) 
103-2  13(1) 
101-2  14(1) 
105-2  18t2) 
101-2  21(o 
108-2  28 
101-2  36(1) 
101-2  51(21 
37.5 °  97-3  4(0) 
101-3  7(o) 
97-3  11(i) 
103-1  130) 
101-3  14(I) 
105-3  18(2) 
41"  108.4  1 
108-4  2 
108-4  3 
97-4  4(o) 
105-4  4(0) 
103-4  5(0) 
101-4  7(0) 
97-4  11(1) 
103-4  12(1) 
101-4  14(1) 
105-4  18(2) 
Growth of cells 
0 
Very slight 
Very slight 
0 
0 
0 
0 
Good 
Good 
Good 
Excellent 
Excellent 
Good 
Excellent 
Good 
Excellent 
Excellent 
Excellent 
Good 
Good 
Excellent 
Excellent 
Good 
Excellent 
Excellent 
Good 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Rifksttsiae 
histologi- 
cally 
(+) 
(+) 
+ 
(+) 
(+) 
0 
0 
+ 
++ 
+(+) 
++(+) 
+++ 
+++ 
!++(+) 
+++(+) 
+++(+) 
+(+) 
(+) 
0 
0 
0 
0 
(+) 
0 
0 
0 
0 
0 
0 
0 
0 
o" 
Incuba-  Result  of 
Guinea  pig  tlon  relnoculatlon  inoculation  period 
days 
Positive  13 
Positive  12 
Positive  7 
Positive  12 
Positive  10 
Negative  Positive 
Negative  Positive 
Positive  6 
Positive  5 
Positive  6 
Positive  4 
Positive  4 
Positive  2~ 
Positive  4 
Positive  3 
Positive  3 
Positive 
Positive 
Negative 
Negative 
Negative 
Negative 
Positive 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
6 
10 
9 
16 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
* Figures in parentheses  refer to the number  of times the cultures were trans- 
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results  were obtained,  but  organisms did  not multiply extensively, 
and disappeared entirely on or before the 18th day.  At 32 ° practically 
every cell became infected and this condition was apparently main- 
tained as long as the cells were kept alive.  Cultures from Group 101 
which were actively growing and heavily infected on the 51st  day, 
did not survive transfer.  On the day after transfer (the 52nd day in 
vitro)  the cells had rounded up and were obviously dying.  Cultures 
of this group on the 59th and 66th days, were found to be histologically 
Rickettsiae-free and inoculated animals did not react. 
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Effect  of  temperature  on  multiplication  of  typhus  Rickettsiae 
DISCUSSION 
One of the questions which we thought might be answered bylstudy- 
ing typhus infection in tissue cultures was whether or not the cells, 
isolated from the body and kept alive and growing under artificial 
conditions, would be capable of acquiring immunity to the infection. 
From the above results it appears that immunity is acquired rapidly 
at 41°C.  (in 3 days) and more slowly at 37.5°C.,  while at  32°C. im- 
munity does not develop.  (The results at 26°C. cannot be included in 
this problem, since the cells do not survive or multiply to any con- 
siderable  extent.  The  irregular  positive  results  obtained  at  this 
temperature are probably due to the maintenance of metabolism in ia 
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It is, of course, possible that the inhibitory effects of temperature 
are exerted directly on the organisms.  This seems improbable, how- 
ever, in view of the fact that Rickettsiae multiply luxuriantly in the 
scrotal sac of inoculated guinea pigs where the temperature is often 
above  37.5°C.  Furthermore,  if  the  effect  of  temperature  were  a 
direct one, one would not expect, at 37.5 °, to find an initial multiplica- 
tion, followed by complete disappearance. 
SUMMARY  AND  COI~CLUSIONS 
The  temperature  at  which  tissue  cultures  infected  with  typhus 
Rickettsiae are incubated has been shown to exert a marked influence 
on the intracellular multiplication of Rickettsia prowazeki. 
At 41°C. the organisms were not found in the cultures histologically 
on and after the 2nd day in vitro, and the cultures were non-virulent 
on and after the 3rd day in vitro,  in spite of good preservation and 
growth of the cells. 
At 37.5°C. organisms were absent from the cultures histologically 
and the cultures were non-virulent on and after the llth day in vitro, 
in spite of good preservation and growth of the cells. 
At 32°C. good but slow growth of cells occurred and organisms were 
found in increasing numbers histologically up to about the 21st day in 
vitro.  At this time, 50 to 99  per  cent (approximately) of the cyto- 
plasmic volume of the cultures was occupied by Rickettsiae.  From the 
21st day to the 51st day (the limit to which cultures have been carried 
successfully) this  condition of unrestricted multiplication remained 
practically unchanged.  Inoculation of guinea pigs with single cultures 
after varying lengths of time in vitro,  (up to the 51st day)  always 
resulted in reproduction of typhus in a characteristic manner. 
At 27  ° the cell growth was negligible, but many cells remained alive 
for 10 days or more.  Organisms were absent from the cultures his- 
tologically and the cultures were non-virulent on and after the 18th 
day in vitro. 
The only histological preparations showing unrestricted multiplica- 
tion of the organisms (infection of the majority of the cells present) 
were of cultures incubated at 32°C. 
It is believed that the detrimental effect of the higher temperatures 150  TYPHUS FEVER.  V 
(37.5 ° and 41°C.)  on the multiplication of the organism is  exerted 
indirectly, by stimulation of the defence mechanism of the cells. 
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